Searching PAJ 



http://www1 .ipdl.jpo.go jp/PA1/result/detail/main/wAAAa061 32DA41 0229288P1.htm 



PATENT ABSTRACTS OF JAPAN 



( 1 1 publication number : 10-229288 
(43)Date of publication of application : 25.08.1998 



(51)Int.CI. 




H05K 7/20 




(21) Application number : 

(22) Date of filing: 


09-044783 
13.02.1997 


(71) Applicant : 

(72) Inventor : 


SANSHA ELECTRIC MFG CO LTD 
TANAKA SEIJI 
AOYAMA MASAHIRO 
FUJITA SUMIO 



(54) POWER SEMICONDUCTOR DEVICE 

(57)Abstract: 

PROBLEM TO BE SOLVED: To improve a heat releasing part in heat dissipating 
efficiency by a method wherein a metal printed board and a control printed board are 
provided and fixed in parallel with each other, and at least two or more vent holes are 
provided in a resin case. 

SOLUTION: A power semiconductor device is equipped with a metal printed board 1 
composed of a metal base possessed of a resin insulating layer formed on its one surface 
to insulate and a metal pattern formed on the insulating layer, wherein power 
semiconductor chips 2 are mounted on the metal printed board 1 and wired with 
bonding aluminum wires. Furthermore, a control printed board 3 mounted with a control 
circuit which controls a power circuit composed of the power semiconductor chips 2 
1 and the metal printed board 1 is provided, a case 4 which fixes the metajjj rirtedjjoaxd 1 
an d the control printed board 3-^rranged in parallel wrni each other lsprovided. The 
power semiconductor device is equipped with the resin case 4 where two vent holes 1 1 
and 12 are provided. The vent holes 1 1 and 12 are provided in the opposed sides of the 
case 4 respectively so as to confront each other. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2,**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 

[0001] . , it , 

[The technical field to which invention belongs] this invention relates to the power-semiconductor equipment which has a metal 
printed circuit board and a control printed circuit board, and has improved cooling of the exoergic parts between the 
aforementioned metal printed circuit board and the aforementioned control printed circuit board. 

[° 002 ] • , 

[Description of the Prior Art] One example of a proior art is shown in drawing 3 . The power-semiconductor chip 32 carried in 

the metal printed circuit board 3 1 insulated by the resin insulating layer of one side, In the power-semiconductor equipment which 

comes out of with the control printed circuit board 33 fixed to the position parallel to the aforementioned metal printed circuit 

board 3 1, and is constituted from a resin case 34 fixed to the aforementioned metal printed circuit board 31 with adhesives, and an 

[aforementioned resin case 34 Thegon ^printed circuit board 33 constituted from a capacitoj ^7oLthe^^^ 

/transformer 36 isjixed^ihaaforementioned metd printed circuit board 3 lj hg aforementioned capacitor 37 or the transformer 

\36 In order to attain a miniaturization of the aforementioned power-semiconductor equipment, it is arranged between the 

aforementioned control printed circuit board 33 and the aforementioned metal printed circuit board 3 1 . The aforementioned 

power-semiconductor chip 32 is carried on the aforementioned metal printed circuit board 3 1 , and the silicon gel 40 for 

protection is poured in. 

[0003] The heat which generates heat from the aforementioned power-semiconductor chip 32 is transmitted to the 
aforementioned metal printed circuit board 3 1 , and is emitted to the exterior of power-semiconductor equipment. On the other 
hand, the heat which generates heat from the capacitor 37 or the transformer 36 radiates heat to the space between the 
aforementioned control printed circuit board 33 and the aforementioned metal printed circuit board 3 1 , and the heat of space is 
transmitted to the aforementioned control printed circuit board 33 or the resin case 34, and is emitted to the exterior of 
power-semiconductor equipment. 
[0004] 

[Problem(s) to be Solved by the Invention] It is required for the space in the sealed structure which is constituted from a proior art 
by the aforementioned metal printed circuit board, and the aforementioned resin case and the aforementioned control printed 
circuit board to arrange the transformer carried in the aforementioned control printed circuit board or the exoergic parts like a 
capacitor, and the heat which generated heat from the aforementioned exoergic parts transmits the aforementioned space, is 
transmitted to the aforementioned resin case or the aforementioned control printed circuit board, and is emitted from 
power-semiconductor equipment. Since the thermal conductivity of air or a resin case, and a control printed circuit board is low, 
the exudation luminous efficacy of the heat which the aforementioned exoergic parts generate is bad, and causes the temperature 
rise of the aforementioned exoergic parts. 

[0005] 1L , , u 

[Means for Solving the Problem] The metal printed circuit board which forms the first invention by the metal base insulated by 
the resin insulating layer of one side, and the metal pattern formed on the aforementioned insulating layer, The 
power-semiconductor chip which it was earned on the aforementioned metal printed circuit board, and was wired by aluminum 
wire bonding, The control printed circuit board in which the control circuit which controls the power circuit formed by the 
aforementioned power-semiconductor chip and the aforementioned metal printed circuit board was carried, In the 
power-semiconductor equipment which fixes the aforementioned metal printed circuit board and the aforementioned control 
printed circuit board to an parallel position, and is constituted from a resin case, it is the power-semiconductor equipment 
characterized by providing at least two fresh air inlets in the aforementioned resin case. That is, the aforementioned fresh air inlet 
is prepared in the aforementioned resin case, air enters from one opening, and it passes through between the aforementioned metal 
printed circuit board and the aforementioned control printed circuit boards, and becomes the structure which comes from another 
side. In order to raise the cooling effect of the aforementioned fresh air inlet further, as for the aforementioned fresh air inlet, it is 
desirable to arrange to each other in the opposite side. 

[0006] It is the power-semiconductor equipment with which the second invention possesses the heat-conduction sheet for heat 
transfer in a part of aforementioned metal printed circuit board in the first power-semiconductor equipment of invention, and the 
exoergic parts of the aforementioned control printed circuit board loading are characterized by being in contact on the — ^ 
aforementioned heat-conduction sheet. That is, the exoergic parts of loading in the aforementioned control printed circuit board 
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are contacted to the aforementioned metal printed circuit board through the heat-conduction sheet with sufficient thermal 
conductivity, and the heat which the aforementioned exoergic parts generate is made to radiate heat to the aforementioned metal 
printed circuit board. 

[0007] The third invention is power-semiconductor equipment characterized by providing a fan to the entrance or outlet of the 
aforementioned fresh air inlet in the first power-semiconductor equipment of invention. That is, the wind which flows in from a 
fresh air inlet is compulsorily passed by the fan, and the cooling luminous efficacy of the aforementioned exoergic parts is 
gathered. 
[0008] 

[Embodiments of the Invention] The gestalt of implementation of the first invention is explained with reference to drawing 1 . The 
metal printed circuit board 1 formed in one side by the metal base insulated by the resin insulating layer which is not illustrated, 
and the metal pattern which is formed on the aforementioned insulating layer, and which is not illustrated, The 
power-semiconductor chip 2 which it was carried on the aforementioned metal printed circuit board 1 , and was wired by 
aluminum wire bonding, The control printed circuit board 3 in which the control circuit which controls the power circuit formed 
by the aforementioned power-semiconductor chip 2 and the aforementioned metal printed circuit board 1 was carried, In the 
power-semiconductor equipment which constitutes the aforementioned metal printed circuit board 1 and the aforementioned 
control printed circuit board 3 from a case 4 fixed to an parallel position, it is the power-semiconductor equipment characterized 
by providing two fresh air inlets 1 1 and 1 2 in the aforementioned resin case 4. The aforementioned fresh air inlets 1 1 and 1 2 are 
arranged on the opposite side face at each other. 

[0009] On the aforementioned metal printed circuit board 1 , the isolation wall 9 which divides the field in which the 
aforementioned power-semiconductor chip 2 is carried, and the field in which other parts are carried is. The aforementioned 
isolation wall 9 is the aforementioned resin case 4 and really resin molding. The silicon gel 10 is filled up with the aforementioned 
isolation wall 9 into the field surrounding the aforementioned power-semiconductor chip 2, and the aforementioned 
power-semiconductor chip 2 is protected. 

[0010] The capacitor 7 and the transformer 6 of exoergic parts are carried in the control printed circuit board 3 at this 
power-semiconductor equipment. Fresh air inlets 1 1 and 12 are formed in the aforementioned case, and a wind passes through 
between the control printed circuit board 3 and the metal printed circuit boards 1 , cools the capacitor 7 and the transformer 6 of 
the aforementioned exoergic parts, and comes out of a fresh air inlet 12. A fresh air inlet 1 1 may be different in a fresh air inlet 12 
and a configuration. 

[001 1] The gestalt of implementation of the second invention is explained, referring to drawing 1 . In the first 
power-semiconductor equipment of invention, it is the power-semiconductor equipment characterized by forming the 
heat-conduction sheet 5 for heat transfer other than [ a part of] the field where it fills up with the aforementioned silicon gel 
except the field in which the aforementioned power-semiconductor chip 2 enclosed with the aforementioned isolation wall 9 of 
the aforementioned metal printed circuit board 1 is carried, and the transformer 6 of the exoergic parts of loading in the 
aforementioned control printed circuit board 3 touching the aforementioned heat-conduction sheet 5. The heat which occurs from 
the transformer 6 of loading in the aforementioned control printed circuit board 3 is transmitted to the aforementioned 
heat-conduction sheet 5, and is transmitted to the aforementioned metal printed circuit board 1 . The heat transmitted to the 
aforementioned metal printed circuit board 1 is emitted to the exterior of power-semiconductor equipment. 
[00 1 2] The gestalt of implementation of the third invention is shown in drawing 2 . In the first power-semiconductor equipment of 
invention, it is the power-semiconductor equipment characterized by installing a fan 20 in the outlet of the aforementioned fresh 
air inlet 12. A wind goes into compulsion from the aforementioned fresh air inlet 1 1 by installing the aforementioned fan 20, it 
passes through between the aforementioned control printed circuit board 3 and the aforementioned metal printed circuit boards 1 , 
the aforementioned capacitor 7 and the transformer 6 are passed, and it comes out of a fresh air inlet 12. The aforementioned 
capacitor 7 and the transformer 6 are passed by a wind passing through between the aforementioned control printed circuit board 
3 and the aforementioned metal printed circuit boards 1 , and heat is radiated in the heat with which the aforementioned capacitor 
7 and the transformer 6 generate heat. 
[0013] 

[Effect of the Invention] According to the first invention, the heat which generates heat m a semiconductor power unit by ** 
which prepares a fresh air inlet in a resin case is emitted out of the aforementioned resin case, without being filled into sealing 
structure, and gathers the exudation luminous efficacy of the heat of exoergic parts. 

[0014] According to the second invention, by transmitting the heat of exoergic parts to the aforementioned metal printed circuit 
board, heat is made to emit and the temperature rise of the aforementioned exoergic parts is removed. 

[0015] According to the third invention, the heat of the aforementioned exoergic parts is compulsorily emitted to the fresh air inlet 
of the first invention by sending air compulsorily, and the aforementioned exoergic parts are cooled. 



[Translation done.] 
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(54) POWER SEMICONDUCTOR DEVICE AND POWER CONVERTER APPLYING IT 

(57)Abstract: . 
PROBLEM TO BE SOLVED: To secure the airtightness of a module, by making the 
infiltrating speed of water through the junction between different kinds of materials 
constituting the outer peripheral section of the module slower than that of water through 
the main member constituting the outer peripheral section. 
SOLUTION: Case blocks 1 1 0 each of which is integrally formed by uniting a case 
material 108 composed of a PPS resin and a terminal 109 are sealed on the side face of 
a module with a silicone rubber-based adhesive 111. Then the module is filled up with a 
silicone gel and the top lid 1 1 3 made of a PPS resin of the module is stuck to the module 
with a silicone rubber-based adhesive 11 4. In addition, after the terminals 1 09 are stuck 
to the lid 1 1 3 and the terminals 1 09 and lid 1 3 are sealed with a silicone rubber-based 
adhesive, the formation of the module is completed by bending the terminals 109. When 
the module is formed, the infiltrating speed of water through the junction between 
different kinds of materials constituting the outer peripheral section of the module is 
made slower than that of water through the main material constituting the outer 
peripheral section. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 

2 **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 

rThe technical field to which invention belongs] this invention relates to a power semiconductor device and relates to the 
structure of the semiconductor module for high pressure-proofing where large capacity attained high-reliability especially. 

[Description of the Prior Art] The power semiconductor module which sealed and constituted power semiconductor devices, such 
asIGBT diode GTO and a transistor, from the former in the insulating container is known. These elements are applied to 
various inverter equipments etc. according to the pressure-proofing and current capacity, especially, since IGBT is an 
armature-voltage control type element, it is easy to control, and the high frequency operation of a high current is possible for it - 
etc -- it is the element which has the advantage Moreover, in many cases, it has the structure where the module base metal 
substrate section and the current energization section were insulated electrically from the point of the simple nature on module 
use In many cases, the insulation inside a module is secured to coating of a semiconductor device using silicone gel. Moreover, 
for the reason on the simple disposition of assembly, unlike metallic materials, such as GTO, the resin material is used for closure 
of a module To the component of a resin package, the heat deformation at the time of injection formation is small, and many 
parvus polyphenylene ape fight (it abbreviates to below Poly PhenyleneSulfide :PPS) resins are used also for heat deformation of 
a formation article. Moreover, a mechanical strength is also strong to a junction of each part material, and, generally the epoxy 
resin also with high fire retardancy is used. ,,*„._ u ■ u^a 

r00031 The moisture resistance of these semiconductor modules is decided by the airtightness of a module. Although it is enabled 
to close completely by welding etc. when it closes by metallic materials, such as GTO, in the case of a resin package, between 
different-species members (for example, the side face and the top cover of a module) is joined with another resin material, and it 
secures airtightness. If airtight reservation has high pressure-proofing of an element, it will become more indispensable 
conditions For example, by the module with low isolation voltage, although it is considering that a respiratory hole is made in a 
part of PPS resin and the bad influence by volume change of silicone gel does not occur, the bad influence by change of the 
volume resistivity by moisture absorption of silicone gel is seldom taken into consideration. On the other hand, if moisture 
permeates the interior of a module, the volume resistivity of the silicone gel which has covered the semiconductor device will 
become small and the problem which the leakage current increases as an element properly will generate flie module with high 
isolation voltage Moreover, the moisture with which defects, such as a crack, permeated it inside the module when occurrence or 
the poor adhesion with a semiconductor device occurred in the silicone gel which coated the semiconductor device condenses to a 
part for a defective part, the leakage current increases, and if a degradation progresses, dielectric breakdown will occur in a 
flocculation fraction. This problem becomes so remarkable that element pressure-proofing becomes high, and a cure is needed. 
The method of securing the airtightness of a module, as it is conventionally shown in JP,60-178650,A, in order to solve this 
problem, or the technique of generally coating a semiconductor device front face with the material with the slow penetration speed 
of moisture was taken. 

rProblem(s) to be Solved by the Invention] There are the following troubles in the above-mentioned conventional technique. 
00051 In order to secure the airtightness of a module, it becomes indispensable to raise the adhesion between the members which 
constitute the side face of a module or a top. The adhesion of PPS resin and the epoxy resin which were especially used from the 
former had the problem on which between PPS/epoxy resin exfoliates by thermo-cycle examination etc., even if it is bad and 
airtightness was secured after the module assembly. As shown in JP,60-178650,A, when a module large-s.zed-ized also by the 
technique of preparing space inside a module and reducing the stress to an adhesion side, there was a problem on which between 
PPS/epoxy resin exfoliates by thermo-cycle examination etc. similarly. Moreover, the terminal / PPS resin interface fraction also 
had the problem that adhesion was bad and was the same, in the status which carried out injection formation. In the case ot a 
pressure-proof high module, PPS with a high tracking-proof exponent is especially needed. For example, the matenal into which 
a tracking exponent has more than 250V has secured insulation by adding dissimilar materials, such as Mg, aluminum, calcium 
and K, in a resin agent. In such a case, while especially the mechanical strength of PPS matenal falls, there is a problem to which 
the adhesion with a dissimilar material falls. 

[00061 By the conventional technique of coating a semiconductor device top with the resin with the slow penetration speed ot _ 
moisture, the coat of the resin will be carried out also to the junction interface of a semiconductor device and a metal wire. 
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Generally since viscosity becomes high, the resin with a slow moisture penetration speed has the problem on whtch the reliability 
of a semiconductor device and a metal wire interface is reduced. Moreover, although coating by coat material is possible for a 
semiconductor device top, it is difficult for the voltage of a terminal etc. to coat such all fractions, and it cannot solve problems, 
such as the insulating tolerance dose between terminals when there is permeation of moisture. 

[ [Meari for Solving the Problem] The aforementioned technical probrem was coped with, and in order to obtain the module with 
good moisture resistance, the following meanses were used in this invention. . ■ , 

r00081 It considered as the structure where the penetration speed of the moisture for a joint between the dissimilar materials 
which constitute the module periphery section becomes slow compared with the penetration speed of the moisture of the main 
members which constitute a periphery fraction. That is, the interface between each part material was stuck complete y, and the 
penetration speed of moisture was made later than the bulk material which constitutes a module^ Moduhis of direct elasticity used 
the resin material of 2for the cement of each part material 0.01 to 1 kgf/mm as the concrete technique for that. Or the product of 
modulus of direct elasticity (kgf/mm2) and a coefficient of thermal expansion (ppm/**) used 1000 or less material. There are 
adhesives of a silicone system as a material which has such a property. Further again, in order to cope with the low tire retardancy 
of silicone system adhesives, a low tracking exponent, and a low mechanical strength, fire retardancy and the tracking exponent 
were high and the mechanical strength covered the top and the side face (a part for a periphery outcrop) of adhesives of a silicone 
system with strong epoxy or PPS resin. a ■ 

r00091 Moreover in order to lengthen junction distance between different-species members, irregularity was prepared in a part 
for a joint Specifically, the metallic terminal etc. damaged the front face with the blast cleaning etc With the resin material, the 
thickness which can secure an intensity was maintained, irregularity was prepared and how many [-fold ] were made into the 
fitting configuration of that fin. 

TOO 1 01 The following operations are obtained by the aforementioned means of this invention. 

001 1 In the semiconductor device of a resin seal, the moisture penetration from bulk is difficult for intercepting complete y. 
However if the moisture penetration for a joint of each part material can be suppressed, the module moisture resistance of the 
level decided at the moisture penetration speed from closure member bulk is realizable. Therefore, modulus of direct elasticity is 
2 0 01 to 1 kgf/mm to the cement of each part material. The resin material was used. Thereby, the stress concentration ot a 
member and the interface fraction of cement can be eased. The stress of an interface fraction is proportional to expansion 
coefficient-alpha of each part material, and the product of modulus-of-direct-elasticity:E and amount [ of temperature changes 
]:deltaT of a sample. The physical-properties value of the binder of the silicone system proposed the epoxy resin currently used as 
a closure material of a joint from the former and this time is shown in Table 1 . 



[0012] 
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100 1 31 For degree C, 10-30 ppm /, and the parvus, E is [ the epoxy resin currently generally / in order to seal a module / used / 
alpha 2 1000 to 2000 kgf/mm. One twice [ constant ] the stress of 10000-60000 starts the interface with the member joined to 
the epoxy resin by the large and fixed temperature change. On the other hand, although alpha is large in degree C and 200-300 
ppm /with the material of a silicone system, E is 2 0.01 to 1 kgf/mm. It is small and one twice [ constant ] the stress of 2-300 
starts the interface with the member joined to silicone system adhesives. For this reason, even if there is a temperature change, 
failures such as an interfacial peeling, do not arise. When that the stress in an interface is small in the binder of a silicone system 
although PPS bulk material fractured with the stress generated at the time of epoxy resin material use and poor adhesion had 
occurred since the mechanical strength was also falling with the high matenal of a tracking resistance, and the number coefficient 
of vertical section are small especially and the silicone system binder itself deforms, there is an operation which prevents an 
interfacial peeling. Thereby, the penetration speed of the moisture in an interface can be made late. 
rOOUl Moreover, when the binder of a silicone system is exposed over the area with a large module front face, it may stop 
satisfying the performance as a product according to that fire retardancy is low, that a tracking exponent is low, and a mechanical 
strength being weak. Moreover, an interfacial peeling may arise [ the intensity ] mechanically weakly in the location which needs 
mechanical strengths, such as a metal terminal insertion fraction, also inside a module. By this invention, fire retardancy, a 
tracking resistance, and a mechanical strength can be secured by the epoxy resin by making materials, such as epoxy, at a 
laminating the ffa&fcm which joined the member by the binder of a silicone system if needed, and the airtightness of a module can 
secure the performance as a module by securing by the silicone system binder. By the technique other than change of a material, 



2 of 5 



4/18/02 3:02 PM 



http://www4.ipdl.Jpo.go.jp/cgi-bin/tran_web_cgi_eiJe 



the penetration speed of moisture can be made late by lengthening interface distance. If a front face is made rude with a blast 
cleaning etc the distance of a micro interface can make more than twice, i.e., a penetration speed, 1/2 or less. Moreover, there : is 
an effect which raises the adhesion of an interface by this technique. It prepares in both sides which will join how many [-fold /ot 
that fin ] if the intensity of a material is secured, and if it is made the configuration inserted in mutually, only the number of the fins 
can extend interface distance. 
[0015] 

[Embodiments of the Invention] The example of this invention is explained below using a drawing. 
[0016] Drawing 1 shows the idea of this invention. A quadrature axis shows the position of each component and an axis of 
ordinate shows the moisture penetration speed in each fraction. With the conventional technique, the moisture penetration speed 
had permeated early more by the interface of each part material. This is because it was generated by poor adhesion of the first 
stage between members, sublation of the interface by the heat history under assembly or after assembly, etc. For example when 
PPS and B material are [ an epoxy resin and C material ] metallic nature terminals for A material. Compared with metaled bulk, 
although a penetration speed is early, when the adhesion of a material is many bad, an interfacial peeling happens and, as for each 
resin material a moisture penetration speed consists of a bulk fraction of each resin material more than it early by PPS resin and 
the epoxy resin By this invention, the moisture penetration speed of an interface was made late with the structure which lengthens 
the enhancement in adhesion of a different-species member interface, and a moisture penetration path. Hereafter, it explains per 
concrete technique. 

[001 7] Drawing 2 shows the cross section of the example of the module created using this invention. A semiconductor device 101 
is joined to the A1N substrate 105 which joined copper foil 103 to the A1N plate 104 by wax material with solder 102. The A1N 
substrate 105 is joined to the module base base 106 with solder. A semiconductor device 101 and copper foil 103 are wired by 
the metal wire 107 On the side face of a module, the case block 1 10 with which the case material 108 which consists of a PPS 
resin and the terminal 109 were united is closed by the silicone rubber system binder 1 1 1. At this time, solder 102 connects with 
copper foil 103 simultaneously, and a terminal 109 forms the circuit inside a module. Next, the interior of a module is tilled up 
with the silicone gel 1 12, and the module top lid 1 13 which consists of a PPS resin is pasted up by the silicone rubber system 
binder 1 14. The back end child 109 who pasted up the module top lid 1 13 which consists of a terminal 109 and a PPS resin by 
the silicone rubber system binder 1 1 5, and sealed is bent, and a module is completed. The base base 106 of the completed 
module the module side face PPS material 108, and the module top lid 1 1 3 are altogether closed completely by the silicone 
rubber system binder 1 1 1,1 14,1 15 from the open air. Thus, a damp-proof high module is completed by preventing an adhesion 
degradation of the fraction sealed with the adhesives of each part silicone rubber system. When the resin material especially with 
a high tracking exponent is applied, the effect of this invention is remarkable. In addition, since it is considenng as the structure 
which space 1 16 is formed all over the interior of a module, and absorbs volume change of the silicone gel 1 1 2 at the time of the 
temperature cycle of a module, although it excels in this example at thermo-cycle-proof nature, the effect of this invention is 
acquired also as the below-mentioned conventional structure and structure where space 1 16 was similarly filled up with the epoxy 

resin. , , 

[0018] Drawing 3 shows the cross-section structure of the typical module of structure conventionally. It produces at the same 
process until it joins an insulating substrate 105 to the module base base 106 also with structure conventionally. Next, PPS resin 
which forms the module side face, the terminal 1 09, and the case block 20 1 with which the module top lid 1 1 3 was further united 
are closed by the silicone rubber system binder 1 1 1 . At this time, solder 102 connects with copper foil 103 simultaneously, and a 
terminal 109 forms the circuit inside a module. Next, the interior of a module is filled up with the silicone gel 1 12. Finally it is 
directly filled up with an epoxy resin 202 on the silicone gel 1 12, and a module is completed. The path which permeates from the 
field side with the epoxy resin 202 which has joined the module top PPS resin 1 13 of moisture 1, and the module side face PPS 
resin 108 as a penetration path of the moisture inside a module at this time, The field side with the epoxy resin 202 which has 
joined the module top PPS resin 1 13 and the terminal 109 of moisture 2, The penetration from bulk of the module top PPS resin 
1 13 of moisture 3 the penetration from bulk of the module side face PPS resin 108 of moisture 4, There is an interface with the 
silicone rubber system binder 108 which has joined the penetration from bulk of the module base base 106 of moisture 5, and the 
module side face PPS108 and the module base base 106 of moisture 6. The speed into which the moisture 1 and 2 of the open air 
infiltrates with structure conventionally from the interface 204 of the interface 203 of PPS resin and an epoxy resin, a terminal, 
and the epoxy resin 202 since the adhesion of an epoxy resin 202 and PPS resin is bad is the earliest. As a result of the silicone 
gel's 1 1 2 absorbing moisture with the moisture which permeated, the volume resistivity of gel falls and the leakage current of an 
element property increases. Moreover, since the silicone gel 1 12 is sealed by the epoxy resin 202, a crack-like defect occurs in the 
silicone gel 1 1 2 according to a heat cycle. The incidence rate of an insulation deterioration becomes still high by moisture 
condensing to this defect. . 
[00 1 9] Drawing 4 shows a part of cross-section structure of other examples of the module produced using this invention. It 
produces at the same process until it joins an insulating substrate 105 to the module base base 106. Next, a terminal 302 connects 
the inclusion **** terminal block 303 to copper foil 103 with solder 102 at the case material 301 which consists of PPS which 
forms a module top, and the circuit inside a module is formed. Next, the module side face resin 304 which consists of a PPS resin 
is closed with the adhesives 305 of a silicone rubber system. The plane of composition with terminal block 303 and the interface 
of a terminal 302 and PPS resin are also simultaneously closed with the adhesives 305 of a silicone rubber system then. Next, the 
silicone rubber system adhesives top ofaterminal area, and a case / terminal-block joint is closed by the epoxy resin 306 and a 
terminal 302 is bent. The silicone gel 307 is poured in from the silicone gel inlet which is not illustrated at the end, an inlet is 
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closed with silicone rubber system adhesives, and a module is completed. Also in this case, all the plane of compositions with 
PPS resin material of module base base material, the side face, and a top secured the airtightness of a module by closing by the 
binder of a silicone rubber system. Furthermore, the fire retardancy of a module, the tracking resistance, and the mechanical 
strength were secured by closing the top of adhesives by the epoxy resin. 

(•00201 D rawing 5 shows the example of the cross-section structure of the closure structure in adhesives to an example tor a 
terminal area, (a) was the same as that of the structure indicated to drawing 4 , and the fire retardancy of a module the tracking 
resistance, and the mechanical strength were secured by closing adhesion with the adhesives 403 of a silicone rubber system and 
closing reservation and its top for the interface of PPS case agent 401 and the terminal 402 by the epoxy resin 404 first (b) In the 
example which carried out the double-sided coat of the adhesives 403 of a silicone rubber system by the epoxy resin 404 tire 
retardancy, the tracking resistance, and the mechanical strength were secured in respect of the terminal -block upper and lower 
sides In addition, since an epoxy resin is raised according to thermal expansion in these examples when adhesives 403 are thick, 
and a ** case is in sublation of an epoxy resin, as for the thickness of adhesives 403, it is desirable to be referred to as 5mm or 
less (c) secured the adhesion of the adhesives 403 of a silicone rubber system by the inside of terminal block, and the module top 
was filled up with the epoxy resin 404. There is no risk of raising the epoxy resin later filled up with the structure of this example 
by intumescence of the adhesives itself. Moreover, airtightness can be secured in the state of the parts of terminal block, and the 
process at the time of a module assembly can be shortened. The same effect is acquired even if it applies such structures to a part 
for the joint of not only a part for a terminal area but the module side face, and a top etc. 

1002 1 1 Dra wing 6 shows the example which made the moisture penetration speed in an interface late without changing a material. 
For example, when it closed by the epoxy resin 603 through the terminal 602 which becomes the case material of the PPS resin 
601 from a metal with the structure which applied this invention shown in (a), the front face of the metal terminal 602 was able to 
be damaged with the blast cleaning, and 604 and the moisture penetration path were able to be lengthened. The moisture 
penetration speed of the interface of each part material is indicated in simulation. The moisture penetration speed ot bulk ot the 
PPS resin 601 , the epoxy resin 602, and the metal terminal 603 is slow in the order of a metal terminal <- epoxy resin <-FFS 
resin Although PPS resin and an epoxy resin interface are earlier than bulk of an epoxy resin, they are later than bulk ot PPS 
resin [ of the interface of each material ] Moreover, the interface of a metal terminal and an epoxy resin is later than an epoxy 
resin by the effect of carrying out the blast cleaning. What is necessary is just to examine the late material of moisture penetration 
with this structure, since the moisture penetration speed of PPS bulk material becomes and this matenal becomes the dominant 
factor of a moisture-proof life early most. However, conventionally which has not carried out blast-cleaning processing shown in 
(b) with structure, even if a moisture-proof life is decided by the interface status and the moisture penetration speed ot a metal 
terminal and an epoxy resin interface carries out a material selection early most, a moisture-proof life cannot be raised. 
[0022] D rawing 7 shows the example which prepared the fin in both sides of the resin to join. By the structure which joined the 
PPS resin 702 which constitutes the PPS resin 701 which forms the module side face, and a module top by the epoxy system 
binder 703 with the structure which applied this invention shown in (a), it inserted in each PPS resin and the fin 704 of a tormula 
was formed The moisture penetration speed of the interface of each part material at this time is indicated in simulation. In PPS 
resin and an epoxy resin, the PPS resin of a moisture penetration speed is earlier. It is later than bulk of PPS resin by lengthening 
interface distance in PPS resin and an epoxy resin interface. What is necessary is for PPS resin matenal just to examine the late 
material of moisture penetration with this structure. However, with the structure without the fin shown m (b), even it a 
moisture-proof life is decided by the interface status and the moisture penetration speed of PPS resin and an epoxy resin carries 
out a material selection early most, a moisture-proof life cannot be raised. 

r00231 Drawing 8 shows one example of the power converter which applied the module of this invention. In this case, the power 
semiconductor device 801 is mounted on both sides of thermolysis nature grease 810 on aheat sink 81 1, and constitutes 2 level 
inverter Generally, a module 80 1 reverses right and left and is mounted so that a midpoint (B points) can be wired with the 
midpoint wiring 803 of one. The collector side wiring 802 and the emitter side wiring 804 wire U, V, and W phase respectively, 
and supply supply voltage 809. The gate wiring 805, the emitter supplementary wiring 806, and the collector supplementary 
wiring 807 constitute a signal line from each IGBT module 801 . If these power converters are the modules of this invention, since 
own moisture resistance of a module is secured, if it is considering as the two-layer structure which an installation is not restricted 
and carries out the coat of the front face by the epoxy resin, use will become possible also on the level with the still low degree ot 
****** T he power semiconductor module of this invention makes a tracking exponent high also by the package technique except 
having illustrated to drawing 8 , and since it is possible to raise moisture resistance, it is applicable to the environmenta condition 
(the Japan Electrical Manufacturers' Association standard (JEM specification) sorts C and International Electrotechnical 
Commissin (IEC standards) sort PD3) with comparatively much deposition of the influence of the gas of moisture and the ambient 
atmosphere and ****** a metal powder, etc. The inverter which does not have a VCF for pure within the equipment which is 
made to rotate a fan by the power converter and is performing forced-air cooling as these environments in the cella where an air 
conditioner is not ready, for example, the inverter which does not have an airtight structure by the power converter, or converter 
equipment or converter equipment is raised. In the structure power converter without the VCF at the time of air cooling, since 
cooling luminous efficacy can be raised, more small in a fin, a fan's rotational frequency can be lowered and a quieter inverter or a 
converter can be offered. Moreover, since a long moisture-proof life is securable, it is suitable also for the high pressure-proofing 
power converter beyond voltage 1000 V. . 
[00241 Although the organic resin section agent is setting to PPJlin the above explanation, it cannot be overemphasized thaHhis 
invention is effective also at the power semiconductor device using other resin agents, such as a polybutylene terephthalate (Poly 
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Butylene Terephthalate) and an aromatic-polyimide system resin. 
[0025] 

[Effect of the Invention] Since the airtightness of a module is securable according to this invention, in moisture resistance, a 
reliable module is realizable. Moreover, the high ****** environment where the moisture resistance excellent also in the resin 
material with a high tracking exponent can be acquired, or a high-voltage power converter is realizable. 



[Translation done.] 
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* NOTICES * 

\ 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely, 

2 **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] Especially this invention relates to an improvement of the top plate which closes 

a power semiconductor device about the semiconductor module for power. 

[0002] 

[Description of the Prior Art] What is shown in drawing 2 is in the semiconductor module for power which contains the 
conventional power semiconductor device. In drawing 2 , 2 is the metal base and the electric insulating plate 4 is soldered on this 
metal base 2. On this electric insulating plate 4, the power semiconductor devices 6, such as a thyristor, diode, and a transistor, 
are laid. 

[0003] On the other hand, the terminals 8 and 9 pulled out outside are the resin case 21 and really fabricated. This resin case 2 1 
engages with the edge of the metal base 2, and is pasted up on the metal base 2 with adhesives, such as silicone rubber. When this 
resin case 21 pastes the metal base 2, 8a and 9a of the one side edge of the terminals 8 and 9 pulled out by the above-mentioned 
exterior are laid on an electric insulating plate 4, and the one side edges 8a and 9a of an electric insulating plate 4, a power 
semiconductor device 6 and the electric insulating plate 4, and the terminals 8 and 9 are soldered. 

[0004] Bonding is carried out by the wire 10 as directly on the other hand as the wiring pattern of the terminals 8 and 9 soldered 
to the electric insulating plate 4 with which edges 8a and 9a were established in the electric insulating plate 4, or the power 
semiconductor device 6, and it wires. 

[0005] The encapsulants 14, such as silicon gel, are poured in into the above-mentioned resin case 21, and a power 
semiconductor device 6 is closed. Then, the top plate 22 which has the hole which can penetrate the another side edges 8b and 9b 
of terminals 8 and 9 is laid in the upper-limit section of the resin case 21, and the semiconductor module for power is formed. 
[0006] By the way, salient 2 1 a which has a taper so that it can engage with a top plate 22 is prepared in the upper-limit section of 
the above-mentioned resin case 20. The another side top plate 22 has presser-foot-stitch-tongue 22a which has the taper which 
can engage with salient 2 1 a. Therefore, when attaching a top plate 22 in the resin case 21 , the another side edges 8b and 9b of 
terminals 8 and 9 are first inserted in the holes 22b and 22b of a top plate 22, if presser-foot-stitch-tongue 22a is curved and slid 
to the taper of salient 21a, salient 21a and presser-foot-stitch-tongue 22a are engaged, and a top plate 22 is fixed to the resin case 
21. 

[0007] 

[Problem(s) to be Solved by the Invention] However, the top plate 22 resinated may curve at the time of the formation, 
presser-foot-stitch-tongue 22a separates and becomes unable to be engaged from salient 21a, and the semiconductor module for 
power may become poor [ an appearance ]. 
[0008] 

[Means for Solving the Problem] The power semiconductor device by which the semiconductor module for power of this 
invention was soldered to the metal base and the above-mentioned metal base, In the semiconductor module for power equipped 
with the encapsulant which closes the above-mentioned power semiconductor device, and the top plate which engages with the 
upper-limit section of the above-mentioned resin case in the resin case adhered to the edge of the above-mentioned metal base, 
and the above-mentioned resin case It is prepared in the 1 st slot formed near [ where the above-mentioned resin case counters ] 
the upper limit of a frame or the 1 st salient, and the both ends of the above-mentioned top plate, and has the 1 st above-mentioned 
slot, the 2nd salient which engages with the 1 st salient, or the 2nd slot. 

[0009] That is, the power semiconductor device is soldered on the metal base. A resin case pastes the edge of the 
above-mentioned metal base, an encapsulant is poured in into a resin case, and a power semiconductor device is closed. Then, a 
top plate is put on the upper-limit section of a resin case. 

[0010] The 1st slot is formed near [ where the above-mentioned resin case counters ] the upper limit. Furthermore, the 2nd salient 
which engages with the 1st slot is formed in the both ends of a top plate. A top plate will be united with a resin case, if a salient of 
the 2nd of a top plate is inserted in the 1 st slot and a top plate is slid along a slot by this. 

[001 1] Moreover, near [ where a resin case counters ] the upper limit, the 1st salient is formed and the 2nd slot which engages 
with the 1 st salient is formed in the both ends of a top plate. A top plate will be united with a resin case, if the 1 st salient is 
inserted in the 2nd sjotand a top plate is slid by this. 

[0012] That is, if the 1st slot or the 1st salient engages with the 2nd salient or the 2nd slot and slides a top plate, a top plate will 
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be united with a resin case and the semiconductor module for power will form. 
[0013] 

[Embodiments of the Invention] this invention is explained based on the drawing 1 showing the gestalt of the 1 operation. In 
drawing 1 , 2 is the metal base and the electric insulating plate 4 is soldered on this metal base 2. On this electric insulating plate 
4, the power semiconductor devices 6, such as a thyristor, diode, and a transistor, are laid. 

[0014] On the other hand, the terminals 8 and 9 pulled out outside are the resin case 1 1 and really formed, and this resin case 1 1 
engages with the edge of the metal base 2, and is pasted up on the metal base 2 with adhesives, such as silicone rubber. When this 
resin case 1 1 pastes the metal base 2, the one side edges 8a and 9a of the terminals 8 and 9 pulled out outside are laid on an 
electric insulating plate 4, and the one side edges 8a and 9a of an electric insulating plate 4 and the terminals 8 and 9 are soldered. 

[00 1 5] Bonding is carried out by the wire 1 0 as directly on the other hand as the wiring pattern of the terminals 8 and 9 soldered 
to the electric insulating plate 4 with which edges 8a and 9a were established in the electric insulating plate 4, or the power 
semiconductor device 6, and it wires. The encapsulants 1 4, such as silicon gel, are poured in and hardened in the 
above-mentioned resin case 1 1 , and a power semiconductor device 6 is closed. 

[0016] Slots 1 la and 1 la are formed near [ where the above-mentioned resin case 1 1 counters ] the upper limit of a frame. The 
top plate 12 which has the salients 12a and 12a which can engage with these slots 1 la and 1 la is formed, and if these salients 12a 
and 1 2a are made to insert and slide to slots 1 1 a and 1 1 a, the top plate of the semiconductor module for power will be formed. 
Thereby, the semiconductor module for power is obtained. 

[0017] Even if the top plate 12 resinated has curved at the time of the formation, when the salients 12a and 12a of a top plate are 
pressed fit in slots 1 1 a and 1 1 a, salients 1 2a and 1 2a do not separate from slots 1 1 a and 1 1 a. For this reason, the semiconductor 
module for power does not become poor [ an appearance ]. 

[00 1 8] Although salient 1 2a is formed in a top plate 1 2 and slot 1 1 a is formed in the case 1 1 with the gestalt of the 
above-mentioned implementation, a slot may be conversely formed in a top plate 1 2, and a salient may be formed in a case 1 1 . 
Moreover, with the gestalt of the above-mentioned implementation, although one power semiconductor device is prepared, two or 
more power semiconductor devices may be prepared, without adhering to this, and resistance, a capacitor, and the semiconductor 
device of small capacity may be further formed in a case. Moreover, you may solder a power semiconductor device 6 to the metal 
base 2 directly, without forming an electric insulating plate 4. 
[0019] 

[Effect of the Invention] A salient of a top plate or a salient of a resin case inserts in the slot on the top plate, slides to the slot of a 
resin case, and engages with it, a top plate and a resin case are unified, and a top plate does not separate from a resin case. 



[Translation done.] 
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